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 Description of in-situ chemical flushing Description of in-situ chemical flushing

 Effectiveness for DNAPL removal Effectiveness for DNAPL removal

 Benefits of DNAPL mass reduction Benefits of DNAPL mass reduction
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In-Situ Chemical FlushingIn-Situ Chemical Flushing

"" DefinitionDefinition
–– Displacement of fluid containingDisplacement of fluid containing

chemicalchemical adjuvants adjuvants through through
contaminated soils or aquifers incontaminated soils or aquifers in
order to enhance contaminantorder to enhance contaminant
removal by enhanced removal by enhanced dissolutiondissolution or or
mobilizationmobilization

"" Example  Example AdjuvantsAdjuvants
––SurfactantsSurfactants
––Co-solventsCo-solvents
––Complex SugarComplex Sugar
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Efficiency Constraints Efficiency Constraints 

 Hydrodynamic variability Hydrodynamic variability

 DNAPL architecture DNAPL architecture

 Remedial fluid properties Remedial fluid properties
densitydensity
viscosityviscosity

 Inadequate characterization Inadequate characterization

MixingMixing

!!  

!!  

!!  

!!  



Field ResultsField Results

SiteSite DNAPLDNAPL AgentAgent
Est. MassEst. Mass
ReductionReduction

Hill AFB OU2Hill AFB OU2 TCETCE SurfactantSurfactant
““ TCETCE SurfactSurfact/foam/foam

CampCamp Lejuene Lejuene PCEPCE SurfactantSurfactant

SagesSages PCEPCE CosolventCosolvent
DoverDover PCEPCE CosolventCosolvent

““ ““ SurfactantSurfactant
““ ““ CosolventCosolvent
““ ““ CyclodextrinCyclodextrin

0.630.63
0.640.64
0.670.67

??
??

0.980.98
0.900.90
0.720.72



Contaminant flux = f (HS, DA)
HS - hydrodynamic structure
DA – DNAPL architecture
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Dover AFB (PCE Release)
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Dissolved Plume

Partial Mass Removal:
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Mass Reduction System Response

Flux Response

Plume Response

Risk Response

Source Remediation

Conceptual ModelConceptual Model



Mass Reduction Enhanced NA

Flux Response

Plume Response

Risk Response

Chemical Flushing

Integrated Source Remediation:Integrated Source Remediation:
      Chemically Augmented NA (CANA)Chemically Augmented NA (CANA)
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Integrated Source Remediation:

• Target DNAPL Source Zone

• Integrate Remediation Technologies
into a Treatment Train for
Comprehensive Site Restoration

• Decrease Remediation Costs



Integrated Source Remediation:
   Solvent Extraction Residual
   Biotreatment (SERB)

Field Demonstration:  Sages SiteField Demonstration:  Sages Site

•• CoSolvent CoSolvent Extraction (SE) Extraction (SE)
Selective removal of DNAPL (PCE)Selective removal of DNAPL (PCE)
byby cosolvent cosolvent flushing with ethanol flushing with ethanol

••  ResidualResidual Biotreatment Biotreatment (RB) (RB)
Passive removal of dissolved phase PCEPassive removal of dissolved phase PCE
by enhanced reductiveby enhanced reductive dechlorination dechlorination
(biodegradation)(biodegradation)



Cosolvent Flush Performance*

Pre-Cosolvent Flush Partitioning Tracer    68 L (PCE)

Post-Cosolvent Flush Partitioning Tracer    26 L (PCE)

Estimated Recovery Based on                   42 L (PCE)
Partitioning Tracer Tests        (62%)

Mass Recovery Based on PCE                   43 L (PCE)
Concentrations in Recovery Wells        (63%)

      
Mass Recovery Based on Post/Pre Cores        (65%)

* Jawitz et al., 2000
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Residual Biotreatment Performance

ciscis-DCE-DCE  (175 uM = 17 mg/L)
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SummarySummary

••  Substantial DNAPL mass reduction can beSubstantial DNAPL mass reduction can be
   achieved using ISCF   achieved using ISCF

••  Complete mass removal is generally notComplete mass removal is generally not
   economically or technically feasible   economically or technically feasible

••  Correlation between mass reduction andCorrelation between mass reduction and
   mass flux is poorly understood   mass flux is poorly understood

•• Integrated DNAPL remediation Integrated DNAPL remediation  approachesapproaches
     that incorporate technology coupling  that incorporate technology coupling 
   (treatment trains) are needed to improve   (treatment trains) are needed to improve
   efficiency and reduce costs   efficiency and reduce costs


